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Abstract: Heat transfer is a discipline of thermal engineering that concerns the generation, use, 
conversion, and exchange of thermal energy and heat between physical systems. Heat transfer is classified 
into various mechanisms, such as thermal conduction, thermal convection, thermal radiation, and 
transfer of energy by phase changes. Tubular Heat exchangers can be designed for high pressures relative 
to environment and high-pressure differences between the fluids. Tubular exchangers are used primarily 
for liquid-to-liquid. 
In this present work THERMAL analysis is performed on the flow volume of tubular heat exchanger by 
assuming it working conditions as boundary conditions. For improving the transfer efficiency by 
increasing turbulence baffles are introduced at different angles and locations. Change in heat transfer 
efficiency is metered in terms of heat flux. Ansys fluent is used for this study. 
1. INTRODUCTION 
A shell and tube heat exchanger is a class of heat 
exchanger designs. It is the most common type of 
heat exchanger in oil refineries and other large 
chemical processes and is suited for higher-
pressure applications. As its name implies, this type 
of heat exchanger consists of a shell (a 
large pressure vessel) with a bundle of tubes inside 
it. One fluid runs through the tubes, and another 
fluid flows over the tubes (through the shell) to 
transfer heat between the two fluids. The set of 
tubes is called a tube bundle, and may be composed 
of several types of tubes: plain, longitudinally 
finned, etc 
Shell and Tube Heat Exchangers are one of the 
most popular types of exchanger due to the 
flexibility the designer has to allow for a wide 
range of pressures and temperatures.  
2. MODELING OF HEAT EXCHANGER BY 
VARYING BAFFLES GEOMATRY 
2.1 Introduction to Cad 
There are various types of drawings required in the 
different fields of engineering and science. In 
earlier days, various drawing instruments like 
drafting machine, T-square, scale etc., are used to 
prepare drawings easily and accurately. But to 
obtain better ease in modifying the design and 
making calculations, the process of preparing a 
drawing is made in the computer using certain 
software’s. This use of computer systems is termed 
as computer aided design. It replaces manual 
drawing with an automated process. 
Briefly, computed aided design (CAD) can be 
defined as the use of computer systems in 
conceptualizing the idea to create and modify the 
design. Computer aided design is a process in 
which interaction between designer and computer 
is made as simple and effective possible. Various 
engineering activities like planning, analysis, 
detailing, manufacturing, construction, modeling, 
process control and management can be improvised 
by CAD.  
2.2 CAD TOOLS 
The process of representing three dimensional 
objects in a computer is called modeling. Design 
tools in a software help to achieve the goal of 
modeling the product efficiently.  Designers always 
look for the tools that provide them with fast and 
reliable solutions to design geometric tools from 
developing the analysis to optimizing the result.  In 
between these two extremes, the design tools are 
used for tolerance analysis, mass property 
calculations, and finite element modeling and 
analysis. 
ADVANTAGES OF CAD: 
 Reduced labor. 
 Less amount of time for drawing. 
 Minimum wastage of materials for drawing. 
 Higher accuracy in drawing. 
 
2.3 CATIA – INTRODUCTION 
CATIA which stands for Computer Aided Three-
Dimensional Interactive Application is CAD 
software owned and developed by Dassault 
Systems and marketed worldwide by IBM. It is the 
world’s leading CAD/CAM software for design 
and manufacturing. CATIA supports multiple 
stages of product development through 
conceptualization, design, engineering and 
manufacturing. 
CATIA has a unique ability of modeling a product 
in the context of its real life behavior. This design 
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software became successful because of its 
technology which facilitates its customers to 
innovate a new robust, parametric, feature based 
model consistently. CATIA provides easy to use 
solution tailored to the needs of small medium 
sized enterprises as well as large industrial 
corporations in all industries, consumer goods, 
fabrications and assembly, electrical and 
electronics goods, automotive, aerospace, 
shipbuilding and plant design. It is user friendly. 
Solid and surface modeling can be done easily. 
2.3.1 Design of The Product Through Catia 
The manufacturing industries need to consider the 
demands of customer and thereby the market while 
manufacturing a product. In order to meet these 
requirements in an accurate way, synthesis and 
analysis of the performance of product must be 
studied prior to its manufacture. Synthesis is 
crucial to design an analysis. 
A financial estimate to transform the idea of 
conceived product into reality is also made with the 
help of synthesis. Various mechanical properties 
and functionality of the designed model can be 
predicted accurately during analysis process. By 
synthesis of the product virtually, it becomes easier 
for the manufacturers to get a better idea of the 
product to be manufactured. 
2.3.2 Geometric Modeling 
The computer compatible mathematical description 
of geometry of an object is called geometric 
modelling. The CAD software allows the 
mathematical description of the object to be 
displayed as an image on the computer. Various 
steps for creating a geometric modeling are: 
 Creation of basic geometric elements by using 
commands like points, lines and circles. 
 Transformation of the basic elements based 
on requirements by using commands like 
scaling, rotating and joining. 
 Creation of geometric model by using various 
commands that cause the integration of the 
elements into desired shape. 
2.4 CATIA 
There are different modules in CATIA using which 
a model with required specifications can be 
designed. Most of the components designed using 
CATIA are sketched placed and derived figures. 
Unlike a sketched feature, the placed feature is 
created without drawing a sketch that defines the 
shape of the sketched feature. The sketcher 
workbench provides space and tools for drawing 
sketches of the solid model. 
PART MODELING: 
The Version 5 Part Design application makes it 
possible to design precise 3D mechanical parts with 
an intuitive and flexible user interface, from 
sketching in an assembly context to iterative 
detailed design. Version 5 Part Design application 
will enable you to accommodate design 
requirements for parts of various complexities, 
from simple to advance. 
This application, which combines the power of 
feature-based design with the flexibility of a 
Boolean approach, offers a highly productive and 
intuitive design environment with multiple design 
methodologies, such as post-design and local 3D 
parameterization. 
Select Start -> Mechanical Design -> Part Design 
from the menu bar 
2.5 Modeling of heat exchanger with varying 
baffle geometrics- 
2.5.1 Model 1 design with 45
0
 baffle angle - 
 
Fig 2.1 Model 1 3d baffle design in heat exchanger 
2.5.2 Model 2 design with 30
0
  baffle angle-
 
Fig 2.2 Model 2 3d baffle design in heat exchanger 
2.5.3 Model 3 design with 60
0
 baffle angle-
 
Fig 2.3 Model 3 3d baffle design in heat exchanger 
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2.5.4 Model 4 design with 45
0
  baffle angle with 
mixed flow- 
 
Fig 2.4 Model 4 3d baffle design in heat exchanger 
3. ANALYSIS ON HEAT EXCHANGER 
3.1 ANSYS 
ANSYS is general-purpose finite element analysis 
(FEA) software package.  Finite Element Analysis 
is a numerical method of deconstructing a complex 
system into very small pieces (of user-designated 
size) called elements. The software implements 
equations that govern the behaviour of these 
elements and solves them all; creating a 
comprehensive explanation of how the system acts 
as a whole. These results then can be presented in 
tabulated or graphical forms.  This type of analysis 
is typically used for the design and optimization of 
a system far too complex to analyse by hand. 
 Systems that may fit into this category are too 
complex due to their geometry, scale, or governing 
equations.  
3.2 Generic Steps to Solving any Problem in 
ANSYS  
Like solving any problem analytically, you need to 
define (1) your solution domain, (2) the physical 
model, (3) boundary conditions and (4) the 
physical properties. You then solve the problem 
and present the results. In numerical methods, the 
main difference is an extra step called mesh 
generation. This is the step that divides the 
complex model into small elements that become 
solvable in an otherwise too complex situation. 
Below describe the processes in terminology 
slightly more attune to the software. 
Build Geometry 
Construct a two- or three-dimensional 
representation of the object to be modeled and 
tested using the work plane co-ordinate system 
within ANSYS. 
Define Material Properties 
Now that the part exists, define a library of the 
necessary materials that compose the object (or 
project) being modelled.  This includes thermal and 
mechanical properties. 
 
 
Generate Mesh 
At this point ANSYS understands the makeup of 
the part.  Now define how the modeled system 
should be broken down into finite pieces.    
Apply Loads 
Once the system is fully designed, the last task is to 
burden the system with constraints, such as 
physical loadings or boundary conditions.             
3.3 Specific capabilities of ANSYS 
1 Structural  
Structural analysis is probably the most common 
application of the finite element method as it 
implies bridges and buildings, naval, aeronautical, 
and mechanical structures such as ship hulls, 
aircraft bodies, and machine housings, as well as 
mechanical components such as pistons, machine 
parts and tools.  
Static Analysis– 
 Used to determine displacements, stresses, etc. 
under static loading conditions. ANSYS can 
compute both linear and nonlinear static analyses. 
Nonlinearities can include plasticity, stress 
stiffening, large deflection, large strain, hyper 
elasticity, contact surfaces, and creep.  
Transient Dynamic Analysis– 
 Used to determine the response of a structure to 
arbitrarily time-varying loads. All nonlinearities 
mentioned under Static Analysis above are 
allowed.  
Buckling Analysis– 
Used to calculate the buckling loads and determine 
the buckling mode shape. Both linear (Eigen value) 
buckling and nonlinear buckling analyses are 
possible.   
3.4 Boundary conditions- applied on heat 
exchanger models 
 
Fig 3.1 Appling boundary conditions on heat 
exchanger 
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3.5 Meshing- on heat exchanger models 
 
Fig 3.2 Meshing of heat exchanger 
3.6 Model 1 with material cast iron-
 
Fig 3.3 Model 1 with total heat flux distribution in 
material cast iron with minimum of 2.748e-w/mm2And 
maximum of 0.020956 w/mm2 on heat exchanger. 
3.7 Model 2 with material cast iron- 
 
Fig 3.4 Model 2 with directional heat flux 
distribution in material cast iron with minimum of -
0.01062 w/mm2And maximum of 0.0057452 
w/mm2 on heat exchanger. 
 
Fig 3.5 Model 2with total heat flux distribution in 
material cast iron with minimum of 1.2523 e-w/mm2And 
maximum of 0.012767 w/mm2 on heat exchanger. 
 
Fig 3.6 Model 2  with Temperature Variation after 1 sec 
time, on outer surface temperature minimum of 308 deg 
And maximum 383 deg on heat exchanger. 
3.8 Model 3 with material cast iron-
 
Fig 3.7 Model 3 with total heat flux distribution in 
material cast iron with minimum of 1.1285 e-w/mm2And 
maximum of 0.014489 w/mm2 on heat exchanger. 
 
Fig 3.8 Model 3 with directional heat flux 
distribution in material cast iron with minimum of -
0.010404 w/mm2And maximum of 0.0057091 
w/mm2 on heat exchanger. 
3.9 Model 4 with material cast iron-
 
Fig 3.9 Model 4 with Temperature Variation after 1 
sec time, on outer surface temperature minimum of 
308 deg And maximum 383 deg on heat exchanger. 
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Fig 3.10 Model 4 with directional heat flux 
distribution in material cast iron with minimum of -
0.0064064 w/mm2And maximum of 0.0046516 
w/mm2 on heat exchanger. 
 
Fig 3.11 Model 4 with total heat flux distribution in 
material cast iron with minimum of 6.673 e-w/mm2And 
maximum of 0.010028 w/mm2 on heat exchanger. 
3.10 Model 5 with material cast iron- 
 
Fig 3.12 Model 5 with Temperature Variation after 1 sec 
time, on outer surface temperature minimum of 308 
degAnd maximum 383 deg on heat exchanger. 
 
Fig 3.13 Model 5 with total heat flux distribution in 
material cast iron with minimum of 1.1629 e-w/mm2And 
maximum of 0.0091786 w/mm2 on heat exchanger. 
 
Fig 3.14 Model 5 with directional heat flux 
distribution in material cast iron with minimum of -
0.0079178 w/mm2And maximum of 0.0029404 
w/mm2 on heat exchanger. 
4. RESULTS AND DISCUSSIONS 
4.1 Table contains Temperature, Heat flux and 
Directional flux values of material cast iron on 
heat exchanger 
 
4.2 Table contains Temperature, Heat flux and 
Directional flux values of material stainless steel  
on heat exchanger- 
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4.3Table comparing of maximum heat flux with 
materials cast iron, stainless steel and copper on 
heat exchanger-    
 
 
Fig no. 4.1 Graphical comparing of maximum heat 
flux with materials cast iron, stainless steel and 
copper on heat exchanger. 
4.4 Table comparing of minimum directional 
heat flux with materials cast iron, stainless steel 
and copper on heat exchanger-    
 
 
Fig no. 4.2 Graphical comparing of minimum 
directional heat flux with materials cast iron, 
stainless steel and copper on heat exchanger. 
4.5Table comparing of maximum directional 
heat flux with materials cast iron, stainless steel 
and copper on heat exchanger-    
 
 
Fig no. 4.3Graphical comparing of maximum 
directional heat flux with materials cast iron, 
stainless steel and copper on heat exchanger. 
Dissussion from graphs-                                               
 Form fig 4.1 and 4.2 it is observed that 
there is nothing much to discuss about the 
minimum heat flux graph , but in maximum heat 
fluxes graph  lowest values are occuring in model 4 
and model 5, decrease in heat flux indicates greater 
capacity of heat flow. The heat fluxes  increased in 
model 2 and model 3 . 
 Coming to directional heat fluxes they are 
gradually decreasing with each model , the lowest 
Is recorded in model 5, not with just one material 
but with all materials, and also the deflections in 
flux are very less in model 4 and model 5 from fig 
5.3 and 5.4 respectively. 
5. CONCLUSIONS 
In this work total 5 models are made designed by 
varying baffle geometry. Modeling is done in Catia 
v5 R20 version and simulation is carried in Ansys 
19.2 work bench study state thermal module, at 
first seven models are developed, but 2 models are 
discarded due to design in consistency. Three 
materials are applied to these models during this 
study for better understanding of the thermal 
behavior of the models; the materials are cast-iron, 
steel, and copper. Obviously, the performance of 
copper will be high due to its better thermal 
conductivity. The observations made during the 
study are as below 
There is no variation in the maximum and 
minimum temperatures as the study is a study state 
analysis and no fluid effect is add. The efficiency is 
measured in terms of fluxes. Change in baffle angle 
had a significant effect on total and directional flux 
in the models. But the fluxes are much reduced 
when the flow is converted into a mixed flow in 
model 4 and model 5 with perforated baffles.  
Form the analysis of all models with materials 
copper, cast iron and stainless steel the values for 
model 5 which is designed with 45
0
 baffle angles 
with perforated baffles has shown good results 
when compared with other models.  
Finally model 5 design with 45
0
 baffle angle with 
perforated baffle has best performance in terms of 
directional heat flux in direction of water flow with 
material copper. 
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FUTURE SCOPE 
This work is entirely based on simulation based, no 
proper formulation is available for these geometries 
and conditions, theoretical formulation for these 
designs is very time taking but much valued, also 
experimental study of these models in real world 
conditions very preferable and yield accurate 
results but it is both time taking and costly. 
Advancement in terms of theoretical and 
experimental terms is highly advisable.  
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